Soaking rice in water tor 30 min or Ionizer betore cooking is traditionally practiced in Japan, Korea, and other Asian countries. When soaked, the rice grains hydrate. develop cracks, and water is absorbed. Soaking facilitates uniform cooking and shortens cooking time. The cooked kernel is usually less firm. The present study was undertaken to determine the effects of presoaking on the flavor of cooked rice and whether flavor differences are associated with textural changes that could influence retention of aroma compounds. Eleven samples of short, medium, and long grain milled rice representing scented and nonscented rice and a wide range of amylose contents were presented to a descriptive sensory panel. For the set of all rice samples. undesirable sewer/animal flavor significantly increased and sweet taste significantly decreased with presoaking for 30 mm. For individual rice samples, significantly higher sewer/animal intensity was observed with presoaking for the 2 Basmati Soaking rice in water for 30 min or longer before cooking is traditionally practiced in Japan. Korea, and other Asian countries. Soaking facilitates uniform cooking and shortens gelatinization time. When soaked, rice grains hydrate, develop cracks, and water is absorbed (Desikachar and Subiahmanyan 1961; Sowbhagya and Ali 199] ). Soaking at room temperature for 15 min followed by cooking in excess water reduced the cooking time of milled rice 50% (Sowbhagya and Ali 1991; Hirannaiah et al 2001) . The cooked rice grain was longer (20%). thinner (5%), and less firm (10%) and less elastic (25%) in texture. The decrease in cooking time was speculated to be due to higher moisture content of soaked rice facilitating faster heat transfer (Sowbhagya and Ali 1991) .
The starch in a presoaked, less firm cooked grain could possibly release aroma compounds more readily than that of an unsoaked, more finn cooked grain. Starch complexes with aroma compounds affecting their release and perceived intensity (Maier 1969 ). Higher aroma retention has been observed in high-amylose and highly gelled, highly viscous products (Arisenet et al 2002) . Thus, ooked rice texture, in addition to amylose content, could play a role in aroma retention.
We hypothesize that textural differences resulting from soaking before cooking may affect starch interactions with aroma compounds amid, subsequently, the intensity of their perception in cooked rice. The present study was undertaken to substantiate this hypothesis. To determine the effects of presoaking on aroma, a trained descriptive sensory panel measured the intensities of aroma attributes in cooked presoaked and unsoaked rice, as perceived through smell and flavor in the mouth. The effects of presoaking on texture of the cooked rice were determined instrumentally.
MATERIALS AND METHODS

Rice Samples
Eleven samples of short, medium, and long grain milled rice representing scented and nonscented rice and a wide range of amylose contents were commercially obtained. The set included three nonscented Long Grain rices (two grown in southern U.S. [#1, doi:1 0.1094/CCHEM-85-5-0706 This article is in the public domain and not copyrightable. It may be freely reprinted with customary crediting of the source. AACC International, Inc., 2008. 706 CEREAL CHEMISTRY rice samples and one of the U.S. long grain rice samples. When presoaked, sweet taste was significantly lower in one of the Basmati and Jasmine rice samples, the U.S. medium grain rice, and one U.S. long grain rice. Waterlike metallic was also significantly higher in one presoaked Basmati sample. Presoaking also resulted in significant increases in summed negative flavor attributes and significant decreases in summed positive flavor attributes for the set of all rice samples. The effects of presoaking on texture, as measured by TPA hardness and chewiness. did not explain the observed increases in negative flavor attributes. An increase in free sulfur-containing free amino acids with presoaking could have resulted in an increase of their breakdown products, thereby contributing to the increase in sewer/animal flavor. The decreases in sweet taste and summed positive flavor attributes were likely the result of masking caused by the increases in sewer/animal and summed negative flavor attributes. #2]; one grown in California [#31); three scented Jasmine (or Jasmine-type) rices (one Jasmine-type grown in southern U.S.. two from Thailand); three scented Basmati (or Basmati-type) rices (one Basmati-type grown in southern U.S., two from India); one medium grain rice (grown in California); and one short grain waxy (sweet) rice (grown in California).
Preparation of Cooked Rice
Portions of white rice (600 g) were transferred to preweighed rice cooker insert howls and water was added to give rice-to-water weight ratio of 1:1.7. with the exception of the Thai Jasmine #1 and waxy rice samples, which were cooked with 1:1.5 and 1:1 rice-to-water weight ratios, respectively. The rice-to-water weight ratios were based on amylose content and gelatinization temperature type. The rice was either not soaked or soaked for 30 min and then cooked in a 5-cup rice cooker-steamer (Panasonic SR-W lOG HP) to completion. Upon completion, as detennined by the cooker switching to the warm holding position, the samples were held 10 min before presentation to the panelists. Samples were taken from the cookers as described by Champagne et a] (1999) for sensory analyses. Cooking was staggered so that samples were analyzed by the sensory panel upon completion of the I 0-i-nin holding time.
Chemical Analyses
Apparent amylose content was determined on the samples in duplicate by the simplified assay method developed by Juliano (1971).
Sensory Evaluations
Seven panelists trained in the principles and concepts of descriptive sensory analysis (Meilgaard et al 2007) participated in the study. The rice flavor lexicon, based on the work of Goodwin et al (1996) . included 12 unique flavor attributes that were determined by smelling and evaluation in the mouth and one chemical feeling factor (Fig. I) . The intensities were scored based on a universal scale for all foods (Meilgaard et al 2006) ; the maximum rating for rice flavor attributes is generally z5. Each sample was presented to the panelists twice in separate sessions. Four samples consisting of two soak/no soak pairs of similar rice types (Basmati, Jasmine, Long/Medium Grain, Waxy) and a standard were presented at each session. Additional details of the procedure followed for presenting samples and standard (warm-up sample of commercial long-grain) to panelists at each session are described by Champagne et a] (1999).
Texture Profile Analyses
Texture profile analyses (TPA) were conducted using a QTS-25 texture analyzer (Brookfield Engineering Labs, Middleboro, MA). The rice was cooked by the procedure used for preparing rice for the sensory analyses. Upon completion, each sample was held 10 min before sampling. The upper layer of the rice was skimmed off and representative kernels were arranged in nine groups of three on the stainless steel plate of the analyzer. A 25.4-mm diameter acrylic cylinder was set at 5.5 mm above the base. In the 2-cycle TPA test, the probe traveled 4.5 mm from the starting position at 30 mm/mm. Total test time for the nine groups was 7-8 min. Hardness (height of the first compression curve) and chewiness (original compression distance divided by second compression distance) were recorded. A distance (rather than percent) compression test was used for the TPA because of concerns that the height or placement of single grains might unduly influence the sensed contact height that would account for the beginning of the Dl measurement used in percent compression tests. With settings for a constant 5.5-mm start and 4.5-mm travel, the rice grains were compressed to within 1.0 mm of the bottom plate.
Statistical Analyses
The 11 samples of short, medium, and long grain milled rice were combined into six different groups based on scent type (Basmati or Jasmine) or on the grain length if nonscented: Basmati Group I = 2 Basmati rices; Basmati Group 2 = 2 Basniati rices + I U.S. Basmati-type: Jasmine Group I = 2 Thai Jasmine rices; Jasmine Group 2 = 2 Thai Jasmine rices + I U.S. Jasminetype: Long Grain Group = 3 U.S. nonscented long grain rices: and a set of all 11 individual rice samples. Because the purpose of the study was to determine whether presoaking rice affects flavor attributes, statistical analyses of differences (presoaked -unsoaked) between paired samples of the two methods of preparation were performed. Descriptive statistics were computed for 13 flavor attributes for the II rice samples: sewer/animal, floral, grain/starchy, hay-like/musty, popcorn, corn, alfalfa/grassy/green beans, dairy, aromatic/sweet, water-like/metallic, sweet taste, sour/silage. and astringent. To test for significant differences between the two preparation methods, two-tailed 1-tests were used for rice sample groupings, while two-tailed Wilcoxon signed rank tests were used for individual rice samples. The tests were performed on differences computed from paired measures (presoaked -unsoaked) and hence tested the hypothesis that mean or median differences were significantly different from zero Signed rank tests were used for the individual rice samples due to relatively small sample sizes and due to moderately skewed distributions present for some of the sensory attributes. To ensure that the three sessions of data collection did not differ significantly from one another, Wilcoxon rank-sum and Kruskal-Wallis nonparametric ANOVA tests were performed on the 13 flavor attributes for the individual rice samples. To test for significant differences in the flavor attributes among grouped rice samples (with the exception of combination consisting of all 11 samples). ANOVA F tests were used with post hoc pair-wise testing performed using Tukey's honestly significant difference tests.
Additionally, flavor attributes were summed into scale measures based on the expertise of the investigators, empirical results, and a perceived quality of the attribute (positive or negative). These 15 scales consisted of seven positive scales and eight negative scales. Popcorn, corn, floral, dairy, sweet/aromatic, and sweet taste were considered positive attributes. Negative attributes included sewer/animal, hay/musty, alfalfa/grassy/green beans, sour/silage, and astringent. Grain/starchy was used as both a positive attribute and negative attribute in scales. Significant differences in scales between the two preparation methods were tested using the same methods as were used for the individual flavor attributes: twotailed 1-tests for the grouped rice samples and two-tailed Wilcoxon signed-rank tests for the individual rice samples. Although 15 scales were analyzed, only results for the positive and negative scales that resulted in statistically significant changes for individual Basinati Group I = 2 Basmati rices: Group 2 = 2 Basmati rices + I Basmatitype: Jasmine Group I = 2 Thai Jasmine rices: Group 2 = 2 Thai Jasmine rices + I Jasmine-type; Long Grain Group = 3 nonscented long grain rices.
Indicates P> 0.05.
and grouped rice samples are reported. All statistical analyses were performed using SAS software (v.9.1. SAS Institute, Cary, NC). Results were considered significant at the 0.05 nominal level. Table I lists the apparent amylose contents of the rice samples. The Long Grain rices, the Basmati and Basmati-type rices, and the Jasmine-type rice had apparent amylose contents in the 20.7-24.6% range. The apparent amylose contents of the Thai Jasmine samples were notably lower than that of the Jasmine-type rice and were the lowest (15.3 and 15.8%) of the nonwaxy rices. The apparent amylose content of the Medium Grain rice was 18.8%.
RESULTS
Apparent Amylose Contents and Flavor Profiles
The Waxy Short Grain rice had a flavor profile distinctively different from the other samples. Negative attributes sewer/animal, sour silage, and alfalfa/grassy/green bean were significantly higher in the Waxy Short Grain rice both unsoaked and presoaked. Unsoaked Long Grain #2 had significantly higher floral flavor than Thai Jasmine #2, Basmati #2, and the Waxy Short Grain. No significant differences were observed for floral fivor in the presoaked rices. The intensity of the popcorn flavor that 708 CEREAL CHEMISTRY distinguishes scented from nonscented rices did not differ significantly (P > 0.05) among the scented (Basmati. Basmatitype, Thai Jasmine, Jasmine-type) rices. Thai Jasmine #1, however, was characterized by significantly higher corn flavor than the other scented and nonscented rices with no soaking. With presoaking, the corn flavor in Thai Jasmine #1 was significantly higher than that in Basmati #2, Long Grain #1 and #3, and the Waxy Short Grain rice.
Undesirable sewer/animal flavor was present in all of the rice samples, both unsoaked and presoaked, ranging from an intensity of 0.8 in the unsoaked Long Grain Rice samples to 4.1 in the Waxy rice. Basmati and Jasmine Group rice samples had sewer/animal with an intensity of 1.2-1.6 in the unsoaked rice. The level of sewer/animal in unsoaked Medium Grain was 1.5.
Effects of Presoaking on Flavor Attribute Intensities
Flavor attributes that were significantly affected by presoaking are presented in Table II for individual rice samples and grouped samples. For the set of all rice samples, mean differences ranged from -0.2 to 0.3. Of the 13 flavor attributes, only sewer/animal (P = 0.0004) and sweet taste (P = 0.0081) were significantly different between preparation methods. Sewer/animal and sweet taste intensities were significantly higher and lower, respectively, in the presoaked rice compared with the unsoaked rice. In groupings based on scent type or grain length, sewer/animal was likewise significantly higher with presoaking for the Basmati Groups I and 2 (P = 0.0001 and P < 0.0001, respectively). Sweet taste was significantly lower with presoaking for the Long Grain group (P = 0.0530). Presoaking resulted in notably lower grain/starchy intensity for the Jasmine Groups I and 2 (P = 0.0558 and 0.0 166, respectively).
For individual rice samples, significantly higher sewer/animal intensity was observed with presoaking for the two Basmati rice samples (P = 0.0008 and 0.0469, respectively) and one of the U.S. long grain rice samples (#2) (P = 0.0332). When presoaked, sweet taste was significantly lower in one of the Basmati (#2) (P = 0.0234) and Jasmine (#1) (P = 0.0391) rice samples, the U.S. Medium Grain rice (P = 0.0313), and one U.S. Long Grain rice (#2) (P = 0.0371). Water-like metallic was also significantly higher (P = 0.0313) in the presoaked Basmati #2 sample.
Mean differences (presoaked -unsoaked) for selected summations of positive and negative flavor attributes for individual rice samples and groupings of samples are given in Table III . For all the rice samples combined, Positive I (floral + popcorn + corn + sweet/aromatic + sweet taste) and Negative I (sewer! animal + grain/starchy + water-like metallic + sour/silage) scales sigiiificandy decreased and increased, respectively. These scales likewise significantly decreased and increased with presoaking for the Basmati Groups I and 2. and Basmati #1 and 2. While Positive 1 was not significant for the Basmati-type rice. Negative 2 (sewer! animal + hay/musty + grain/starchy + alfalfa/grassy/green beans + Positive I = floral + popcorn + corn + sweet aromatic + sweet taste; Positive 2 = grain/starchy + popcorn + corn + sweet taste; Negative 1 = sewer/animal • grain/starchy + water-like metallic + sour/silage; Negative 2 = sewer/ animal • hay/musty + grain/starchy + alfalfa/grassy/green beans + sour! silage + astringent; Negative 3 = sewer/animal + water/metallic + sour/silage + astringent; Negative 4 = sewer/animal + grain/starchy + sour/silage + astringent. Basmati Group 1 = 2 Basmati rices; Group 2 = 2 Basmati rices + 1 Basniatitype; Jasmine Group I = 2 Thai Jasmine rices; Group 2 = 2 Thai Jasmine rices + 1 Jasmine-type; Long Grain Group = 3 long grain rices. C * Indicates P S 0.05. sour/silage + astringent), and not Negative I, increased significantly with presoaking for this rice.
For the Jasmine rice samples, Positive 2 (grain/starchy + popcorn + corn + sweet taste) and Negative 3 (sewer/animal + water/ metallic + sour/silage + astringent) had most significant changes with presoaking among the scales. Positive 2 decreased significantly for Jasmine Groups I and 2 and Thai Jasmine #1. Negative 3 increased significantly for Jasmine Group 1 only. Note the intensity of grain-starchy attribute significantly decreased with presoaking for the Jasmine Groups following the trend of the positive flavor attributes, not the negative attributes. In the other rice samples, grain-starchy either did not change with presoaking or in Long Grain #1 and Long Grain #3 increased by 0.4 (P = 0.0703) and 0.3 (P = 0.0977), respectively, following the trend of the negative flavor attributes. None of the mean differences for any of the scales were significant for the Medium Grain rice or the Waxy Short Grain rice.
Effect of Presoaking on Cooking Time and Cooked Rice Hardness and Chewiness
Presoaking reduced cooking time 0-6% corresponding to 0-2 mm, as shown in Table I . With the exception of Thai Jasmine #1 and Long Grain #2, presoaking for 30 nun resulted in a 19-45% reduction in TPA hardness and 21-48% reduction in chewiness (Table I) . Presoaking did not affect the hardness or chewiness nor reduce the cooking times of Thai Jasmine #1 and Long Grain #2. Cooking time was reduced for the rice samples that had reduced hardness (or chewiness) with presoaking, with the exception of Basnuati-type. Thai Jasmine #2. and Long Grain #1. No reduction in cooking time was observed for these three rice samples, even though they exhibited reduced hardness and chewiness with presoaking.
Reduction in hardness or chewiness did not correlate with the observed increase in negative attributes or decrease in positive attributes. For example, presoaking did not affect the flavor of the Jasmine-type and Medium Grain rice samples, which had large percent reductions in hardness (45 and 33%, respectively) and chewiness (48 and 39%. respectively). No reduction in hardness or chewiness was observed for Thai Jasmine #1 and Long Grain #2 with presoaking, but positive attributes significantly decreased and the negative attributes significantly increased for these rice samples, respectively.
DISCUSSION AND CONCLUSIONS
Presoaking may have undesirable effects on cooked rice flavor. Presoaking for 30 minbefore cooking resulted in significant increases in summed negative flavor attributes and significant decreases in summed positive flavor attributes for the set of all rice samples. In consideration of individual flavor attributes, undesirable sewer/animal significantly increased and desirable sweet taste significantly decreased with presoaking.
Undesirable sewer/animal flavor was present in all of the rice samples and showed a significant increase with presoaking in the Basmati, Basmati-type. and Long Grain #2 rice samples. The effect of presoaking on texture, as measured by TPA hardness and chewiness, did not explain the observed increase in sewer/animal flavor in these samples. The texture of Long Grain #2 was not affected by presoaking. Basmati and Basmati-type rice samples showed decreases in hardness and chewiness, but other rice samples (Jasmine-type, Long Grain #1 and #3, Medium Grain. Waxy) with similar decreases in these textural measures from presoaking did not show significant changes in sewer/animal flavor.
Sewer/animal flavor likely results, in part, from volatile sulfur compounds (dimethyl sulfide, dimethyl disulfide, dimethyl trisulfide). Sulfur-containing amino acids are the precursors for these compounds. The contents of free amino acids increase with soaking temperature and time (Tajinia et al 1992 , Saikusa et al 1994 , Yamakura et al 2005 . Thus, an increase in free sulfur-containing free amino acids with presoaking could result in an increase of their breakdown products and contribute to the increase in sewer/ animal flavor. The decreases in sweet taste and summed positive flavor attributes are likely the result of masking caused by the increases in sewer/animal and summed negative flavor attributes.
In summary, this research shows that the practice of presoaking rice may be detrimental to cooked rice flavor. Consumer testing is needed to determine whether the increases in negative flavor and decreases in positive flavor measured analytically by the descriptive panel adversely affect consumer acceptance of presoaked rice.
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